The objective of this study is the characterization of mould inside and in the surface wall of a hospital. The present research was made on the wall of the Clinical Hospital of the Federal University of Paraná, Brazil. For the methodology the samples were extracted from the surface, mortar and brick. The samples were spread on Petri plates containing Sabouraud dextrose agar and incubated at 25˚C for seven days. The results of the 90 samples collected showed growth of 39% of colonies with the following distribution of microorganisms: Aspergillus (present in 27% of samples), Cladosporium, Absidia, Rhizopus, Rhodotorula, Fusarium, Penicillium and Aspergillus flavus. Within the investigated substrate, three species of different fungi were identified: Aspergillus flavus, Aspergillus fumigatus and Aspergillus niger.
hances the appearance of other diseases such as tuberculosis and pneumonia, cited for [2] or the study of [3] .
Studies have reported a significant increase in patients who developed aspergillosis associated with periods when remodeling and construction of the hospital environment and its proximity are conformed [4] .
In regions such as Thailand, for example, fungus infection ranking third after frequent cause of diseases such as tuberculosis and cryptococcosis in HIV (Human Immunodeficiency Virus) confirmed the development as studies of Ranjana et al. [5] .
Filamentous fungi of the Aspergillus genre are opportunistic. These are the most cited in the literature and are the most common in transplant patients of bone marrow and neutropenic or studies of [6] .
In turn, research on fungal nutrition in building materials indicates that the salt content and the moisture present in the mortar can influence the growth of fungi [7] .
Fungi can absorb nutrients present in building materials. The main nutrients are those derived from petroleum hydrocarbons which may be adhered to the concrete, mortar and other materials [8] .
So in the interest of identifying the fungi that may be present in different environments, this study aims to characterize fungi in two different regions of a hospital environment.
Methodologies
Curitiba's Clinical Hospital-HC is located in the city of Curitiba, Brazil.
For the research we chose two monitored environments: the laundry and the central warehouse. Samples collected from the mortar coatings interior and ceramic block settlement were subject to the following:
1. Growing fungi present in samples for the purpose of verification and quantification of them;
2. Grip analysis;
3. Determination of the specific mass of the sample;
4. Identification of the moisture content of the samples;
5. Determination of the pH of the samples;
6. Checking the level of carbonation of the samples.
Sample Collection and Fungi Growing
According to the determination of [9] , two samples were collected from the air inside the laundry room and one from the outdoor of the laundry environment. For warehouse study, four samples were collected from the indoor air and one from outdoor air of the warehouse.
For the removal of samples from the surface regions of the walls the recommendations [10] , were used as a parameter, which standardizes the minimum number of samples to be analyzed by the environment. Through Equation (1) the number of points (Ni) to be measured in the laundry room and warehouse was calculated (shed No. 2).
Thus, for laundry Ni used was equal to two and for the storeroom Ni was equal to three.
Ni 0.15 Ai
Taking into consideration the total area of the hospital equal to 62,000 m 2 , the minimum total number of samples to be analyzed is equal to 38.
Therefore, during this paper a total of 30 samples from laundry and 60 from warehouse were collected in Table 1 .
The methodology of testing consists of collecting a sample of the internal and the external air from the researched environment following the prescribed parameters described in the [9] .
The plate was incubated in a greenhouse at 25˚C ± 3˚C for seven days, after which incubation period the plate was removed from the oven and the reading of the colonies of fungi was performed. At this stage fungal species that grew on the plate, as well as the number of colonies found were observed.
For the collection of surface samples (on the coating) the following procedures were performed:
1. Use of RODAC®7 type contact plate of 25 cm 2 surface for sample collection.
2. Collection of samples through the opening in the contact plate for a few seconds.
Therefore, the plate was pressed against the wall surface.
3. At the laboratory the plates were incubated at 25°C for seven days after which the incubation period the samples were removed from the oven and the same reading was taken.
4. Sowing the collected material was performed with swab on plates containing 1g of material.
To collect the samples inside the mortar, the following procedures were performed:
1. Scraping the surface of the sample collection point. An alcohol sterilized slitter which went through a portable torch flame was used to extract the sample to be analyzed.
2. Using a sterilized drill bit, drilling the scaling point was taken until reaching a maximum depth of 25 mm, which corresponds to the average depth of the mortar coating. After removal of the inner wall of the drill a quantity of sample was collected with the aid of a swab.
3. Using a sterilized loop 1g material was collected for later sowing in a Petri plate containing ASD.
4. After the period of incubation the sample was taken for analysis and characterization of the colonies formed.
To collect samples from the brick the following procedures were performed:
1. The samples were removed from the ceramic block inside the wall in a manner similar to that adopted for the collection of the mortar coating.
2. The wall drilling depth to extract only the ceramic block sample varied from 30 to 40 mm.
3. The procedures for the identification, transportation and opening the sterile flasks were the same as described in the collection of mortar samples.
Fungi Identification
The determination of fungi is by macroscopic and microscopic morphological comparison is performed through literatures, and reference material. In determining the genres are used the Bunsen burner, a Petri dish, sterile handle, blade, glass slides, ASD means to 4% lactophenol cotton blue dye and, as a reagent, distilled water.
In the cultivation method in the Petri dish blade should be capped and left seven to ten days in an oven at 25˚C ± 3˚C. After this period the cover slip is removed with the aid of gripper carefully, as there should be adhered hyphae and fungal spores. Then, a drop of lactophenol cotton blue dye is dripped and Agar hub is discarded and then replaced by another drop of dye that must cover the entire glass slides. Thus, hyphae and spores adhered to the blade can be viewed.
In the final stage of the cultivation procedure, the blade should be sealed with transparent enamel and observed with an optical microscope with 40X objective magnification. The identification of the microorganism is carried out by evidence of dimorphism and the characteristic microscopic appearance of each phase [11] .
In this work the counting of fungal colonies found was performed manually, and the identification of the microorganisms was carried out by means of an optical microscope.
Adhesion, Moisture Content, pH and Carbonation
For the adhesion test 12 samples were selected by the area studied, similar to recommended by the American Standard Test Method in its document [12] . Thus, a total of 60 samples were subjected to the adherence test.
The samples used in the breeding ground and the grip tests were taken from the same wall where the samples were collected for fungi cultivation tests. The drillings on the wall were performed dry, but the law also suggests that drillings are made by moistening the saw cup. For pH test samples were taken from mortar powder of the six researched regions. Samples were taken from the same points where the materials were removed for the breeding ground.
For testing the degree of carbonation three specimens were extracted by researched region.
Results

Fungi Identification
The incidence of fungi in the air collected by the [13] type sampler, from the laundry interior can be shown in Table 2 .
In Table 2 we can observe that the region B (the north facade) shows a higher concentration of molds (350 CFU/m 3 ), but is still lower than 750 CFU/m 3 per sample collected as limit established by [9] .
The results presented in Table 3 indicate that there is need for cleaning of the internal environment as compared to the amount found between the two environments is greater than recommended by ANVISA.
Identification of Fungi in the Laundry
The percentage of fungal growth on the 30 samples collected in laundry and placed in Petri dishes was 80%, which can be explained by the fact that the laundry room had a relative air humidity average of 60% and temperatures above 25˚C during the day. Such environmental conditions are favorable to the growth of microorganisms and justify the results found that 64% of the samples had fungi. The results from samples collected from the surface regions of laundry allowed to identify seven different fungi (Table 3) . It is observed that these fungi found are common in this type of environment. Inside the mortar of researched laundry points the fungus Aspergillus flavus and also filamentous fungi which were not identified were found. The incidence of these fungi occurred only in the northern region B laundry.
Considering samples which presented fungi in their results, the following was observed: the more common fungi in surface were: Absidia (26%), Cladosporium (21%) and Aspergillus (18%) and being the rest 33% relative to fungi with less incidence. In turn, in the mortar: Aspergillus (28%), A. flavus and Penicillium (34%) and 38% are of less incidence fungi. In the ceramic block the fungi found were: Fusarium and Rhodotorulla (44%). Table 4 shows the average quantities and fungal CFU per dot formed in each searched laundry region.
Warehouse
A total of five samples from ambient air were collected, being four samples of the air present within the warehouse and one from outside air of the warehouse environment.
60 samples of substrates were also collected: 20 from the surface of the walls regions, inside the 20 from the coating mortar and 20 from ceramic blocks located inside the wall of the warehouse in Clinical Hospital. Table 5 shows the results obtained from the analysis of the incidence of fungi in indoor air of the Regions C (north facade) and D (east facade) of the warehouse. Table 5 shows that the region C (N) is the one that has a higher concentration of fungi (562 CFU/m 3 ), but still is lower than 750 CFU/m 3 per sample collected. Table 6 displays the analyses results of indoor air of the Regions E (west) and F (south) of the warehouse All fungi found in the air in the west and south facades of the warehouse are present in concentrations within the tolerated limit. All of these fungi are common to the type of the evaluated environment (warehouse), except for the fungus Absidia. Table 7 shows the results obtained in the measurements of the air outside the warehouse.
The incidence of fungi observed in 60 Petri dishes with samples collected from the warehouse was 50% for all surveyed substrates.
The greater incidence of fungi in the warehouse occurred in masonry surface region, followed by mortar and, finally, the ceramic block.
Only the northern region justified the need for internal cleaning by using the ratio of CFU/m 3 (or recommended maximum) obtained between internal and external environment. In relation to environmental conditions, the warehouse had a relative humidity of the air average of 65%. The average temperature inside the warehouse environment was 22˚C in winter and 27˚C in summer. Both temperature and the relative humidity of the air registered may favor the formation of colonies on the surface of masonry. This situation was similar to that found in the laundry room.
Presence of Fungi in the Substrates Investigated in Warehouse
The incidence of fungi in the researched areas was 100% of the locals from all regions researched in the warehouse. This finding can be explained mainly by the lack of hygiene and the humidity rate and temperature found. Table 8 shows the fungus and the average amount of CFU formed by local studied in each warehouse area
The results from samples collected from the surface regions in the warehouse allowed to identify eight fungus species.
Inside the mortar of the warehouse researched sites the following fungi were found: Rhodotorulla and Absidia. The incidence of these fungi occurred only in the Northern
Region of the warehouse.
On the surface the fungi most frequently found were: Absidia, Aspergillus, Cladosporium and Rhizopus (20%), while in the mortar: Aspergillus (60%) and last in the ceramic block: Aspergillus (67%). 
Physical and Mechanical Characterization of Mortar
Tests to check the resistance, adhesion, moisture content and the density of the coating mortar of each region of the study sites were made. A comparison of the results found in all the researched facades is shown in Figure 1 .
It is observed that in the laundry moisture content is the highest of all what justifies the amount of mold in this region which was higher than that found in the warehouse
In Figure 2 is shown a comparison of the values of tensile strength at maximum, minimum and average traction in MPa found in four of the six regions of the environments studied.
The region A is not included in Figure 2 for presenting tensile strength equal to zero, so it was not possible to perform the tensile test because the degree of deterioration of this mortar caused by the presence of fungi.
pH Assay
The results obtained for the pH of the surveyed areas of the mortar are shown in Table   9 . The results shown in Table 9 were obtained using a digital ph meter. These values indicate a low alkalinity and is another factor favoring the growth of fungi. The test samples were carbonated, thus justifying the reduction of pH.
Discussion
Incidence of Fungi
Although the results of fungi found in ambient air of the researched areas were below the limit value of 750 CFU/m 3 , established by normative resolution [9] , the RMV (Recommended Maximum Value) which compares biological contamination of indoor air to the outside air, in both regions (A and B) of the laundry and the C region of the warehouse, exceed the limit value of 1.5 colonies forming units required by [9] . This can be explained in the case of laundry because the ventilation of the room was poor and the high moisture content found in the mortar.
According to the results shown in Table 3 it is possible to observe the occurrence of seven different fungi identified on the surface of the masonry and all these fungi were found in the inside air of the laundry except Rhodotorulla and Rhizopus. The fungus Aspergillus niger was found only within the ceramic block and Aspergillus flavus only within the mortar. The fungus Alternaria appeared only in ambient air.
Into the mortar were found different fungi and other filamentous fungi without identification, among the identified stand Aspergillus, Fusarium and Penicillium.
For laundry is also important to note that only one of the sites researched from ceramic block was negative for the occurrence of fungi.
The presence of Aspergillus in 44% of all fungi found in the mortar substrate samples in the laundry and 60% for the warehouse was verified.
Two of the fungi genres considered opportunistic to immunocompromised patients were found in these environments exceeding the recommended amount: Aspergillus and Cladosporium. Among the results obtained to the warehouse the fungus Aspergillus niger stands out which was found in a sample of the ceramic block in one of the researched areas. In contrast to laundry, in the warehouse a larger number of mold growth was found in ceramic block in relation to the mortar substrate. This result can be explained by the warehouse mortar be about 50 years younger than the mortar present in the laundry room.
The presence of fungi was observed at all sites of all warehouse areas analyzed. The highest incidence of fungi was observed on the west front that has lower heat stroke when compared to north façade, for example, and is located next to a landfill, a condition that may have allowed for poor sealing the passage of moisture and nutrients necessary for fungal proliferation in this site.
In the laundry room 80% of the samples tested positive for fungi. Already, in the warehouse the percentage of positive samples was equal to 50%. The difference between the results of positive samples found can be associated to the ambient conditions for each evaluated environment. In the laundry room more favorable environmental conditions for the proliferation of fungi were observed.
Number of Colonies
Some of the 53 positive samples for mold growth are distinguished by the amount of CFU observed. The number five sites (south facade) and sites one and three (north facade) from laundry showed more than 100 CFU/plate (Aspergillus), and also more than 100 CFU/plate (filamentous fungi), respectively.
Considering this results in CFU/dm 2 , we have an approximate value of 25 CFU/dm², a result considered above European standards for contamination of clean surfaces as the European Technical Standard [14] .
In the case of warehouse site number three (west facade) showed the highest growth of fungi (16 CFU/plate).
In the mortar concentrations were observed over 50 CFU/g for filamentous fungi and the incidence of A. fumigatus within the ceramic block was observed.
This corroborates with results presented by studies linking invasive aspergillosis with reforms involving demolitions, since in these cases there is usually an increased concentration of this fungus in the air which enables the development of the disease.
Moisture Content
The coefficient of variation (CV) of the moisture content found at 20 cm was 7.79% for all samples, and 10.59% for the collection made at 90 cm from the floor. Thus, the samples showed a reliable variation coefficient considering the amount of selected samples in accordance with the recommendations made by other studies. Samples collected at 20 cm from the floor have an excessive amount of moisture content contained in the mortar, which compromised its tensile strength and facilitated the formation of mold.
This situation is confirmed even with the breeding ground tests for fungi which were positive in 100% of the samples studied for surface, 80% in mortar coating and 60% in the ceramic block samples.
The moisture content found in laundry mortar samples was higher than that found in the warehouse samples, comparing the region A with the other ones it reaches six times higher, as shown in Figure 1 , disregarding region A, region B which is also in the laundry room was the one with the highest average moisture content, the others are in the warehouse where region C which has an external landfill was the one with the highest average value among the surveyed areas in the warehouse. In region A, in which the moisture content was found to be higher, the growth of seven different fungi were identified on the surface, five in the mortar coating and three in the ceramic block.
Test of Adhesion
In the adherence test was perceived thickness of the mortar coating that ranged between 25 and 35 mm. On this test was also observed that about 42% of the sample broke entirely and 33% broke at the start point of the adhesive along the tile characterizing mortar as substrate with adhesive rupture which received little or no roughcast. norms. These results demonstrate that the wall of the region E may be a coating mortar with consistency and resistance higher than the other regions studied.
All samples studied presented carbonated showing a relationship between the presence of fungi and the carbonation process, which reduces the pH of the substrate.
Conclusions
In both environments studied (laundry and warehouse), positive results were obtained for the incidence of fungi on the surface of walls, mortar coating and ceramic block.
They were found in these two environments of genres considered opportunistic to immunocompromised patients in excess of the recommended: Aspergillus and Cladosporium.
Other genres found were: Aspergillus (present in 27% of samples), Cladosporium Absidia, Rhizopus, Rhodotorula, Fusarium, Penicillium and Aspergillus flavus. Within the investigated substrate three species of different fungi were identified: Aspergillus flavus, Aspergillus fumigatus and Aspergillus niger.
For laundry the results were more expressive. This aspect was justified because the higher humidity in the laundry room, next to 12%, caused the mold growth. These aspect justified the result above 100 CFU/g detected on a board.
The biodeterioration that caused the disintegration of the substrate did not allow the extraction of samples for tensile strength test. All researched areas present mortar samples which are fully carbonated.
